Abstract Most of thrombocytopenic pregnant women present mild decrease of platelet counts and have favorable outcome. However, small portion of these cases can show moderate to severe thrombocytopenia and may increase the risk of bleeding during delivery. We investigated the prevalence, causes, and outcomes of pregnancies complicated by moderate to severe thrombocytopenia. We reviewed medical records of pregnant women who were diagnosed with moderate to severe thrombocytopenia (\100 9 10 9 /L) during their pregnancies. A total of 4822 deliveries were performed and 26 patients (0.54%) with moderate to severe thrombocytopenia were identified. The most common cause of moderate to severe thrombocytopenia was immune thrombocytopenia (ITP) (42.3%), followed by gestational thrombocytopenia (GT) (34.6%). Compared to GT, ITP showed lower platelet counts at presentation (52.4 9 10 9 /L vs. 80.5 9 10 9 /L, P = 0.041). Patients with GT could conduct successful delivery without specific management, and patients with ITP showed favorable delivery outcomes with adequate treatment. In conclusion, the incidence of moderate to severe thrombocytopenia during pregnancy was very low and most common causes were ITP and GT. Patients with moderate to severe thrombocytopenia could have favorable delivery outcomes with adequate treatment.
Introduction
The overall incidence of thrombocytopenia in pregnancy is between 6.6 and 11.6% [1, 2] . There are many potential causes of pregnancy-associated thrombocytopenia. Some of them, such as gestational thrombocytopenia (GT), preeclampsia, and HELLP (hemolysis, elevated liver function tests, low platelets) syndrome, are unique to pregnancy, while others including immune thrombocytopenia (ITP), systemic lupus erythematosus (SLE), antiphospholipid antibodies syndrome (APLA), or bone marrow dysfunction may also occur in the non-pregnant conditions. Among these diverse causes, GT which is known to have benign clinical course is most commonly diagnosed, accounting for 70-80% of cases followed by hypertensive disorder (15-20%) and ITP (3-4%) [3] .
Thrombocytopenia is classified as mild with a platelet count of 100-150 9 10 9 /L, moderate with 50-100 9 10 9 / L, and severe with less than 50 9 10 9 /L. Most of platelet disorders occurred during pregnancy is mild thrombocytopenia, and moderate to severe thrombocytopenia are observed in only 1% of pregnant women [4] .
The prognosis of mild thrombocytopenia which is usually caused by GT is favorable without serious deliveryrelated complications [5] . However, moderate to severe thrombocytopenia caused by other conditions rather than GT may compromise epidural anesthesia or increase the 
Patients and Methods

Patients
This retrospective study was approved with a waiver of patients' informed consent by the Institutional Review Board. We reviewed the medical records of pregnant women whose thrombocytopenia was first detected during their pregnancies at Kangnam Sacred-Heart Hospital, Seoul, South Korea, between August 2010 and December 2015. The pregnant women with moderate to severe thrombocytopenia (platelet count below 100 9 10 9 /L) were included in the study. The following data was extracted from the medical records for each eligible patient: maternal age, previous gestations, parity, underlying medical conditions, medication, serial platelet counts (during pregnancy, at delivery and in the postpartum period), signs and symptoms of hemostatic impairment, treatments provided to raise platelet counts, gestational age at delivery, type of delivery [vaginal or cesarean section (CS)], epidural anesthesia during delivery, blood products transfused, and complications at delivery and in the postpartum period.
Diagnosis of ITP, GT, and Preeclampsia
The diagnosis of ITP or GT in the thrombocytopenic women was made on clinical grounds, based upon the diagnostic criteria previously suggested in the relevant literature [6] . Patients were considered to have GT if the platelet counts returned to normal within 12 weeks of delivery, whereas diagnosis of ITP was made whenever this was not the case. No patients received bone marrow examinations for the differential diagnosis of thrombocytopenia. Criteria for the diagnosis of preeclampsia, which had been defined by the American College of Obstetricians and Gynecologists, included the followings [7] : (1) blood pressure of 140 mm Hg systolic or 90 mm Hg diastolic or higher that occurs after 20 weeks of gestation in a woman with previously normal blood pressure; and (2) proteinuria, defined as urinary excretion of 0.3 g of protein or higher in a 24-hour specimen, that usually correlates with a 1? or greater reading on dipstick.
Statistical Analysis
Demographic and clinical data were described with mean ± standard deviation (SD), frequency, and percentage. The variables between two groups were compared using the Mann-Whitney U-test or Fisher's exact test. A P value of 0.05 or less was considered statistically significant.
Results
Patients' Characteristics
A total of 4822 deliveries were performed, and 101 patients (2.1%) showed thrombocytopenia (platelet count below 150 9 10 9 /L) during their pregnancy. In all patients, thrombocytopenia was detected by routine blood examination with no sign of abnormal bleeding. Among these thrombocytopenic patients, 26 patients (26/4822, 0.54%) with moderate to severe thrombocytopenia were identified. Clinical characteristics of these patients are summarized in Table 1 . Mean age of the patients was 29.7 ± 5.0 years, and 17 of 26 patients (65.4%) were nullipara. At the time of diagnosis of moderate to severe thrombocytopenia, 15.4% (4/26) of cases were of\37 weeks of gestation, 65.4% (17/ 26) were between 37 and 39 weeks of gestation, and 19.2% (5/26) had gestational age of [40 weeks. The most common cause of moderate to severe thrombocytopenia was ITP (11/26, 42.3%), followed by GT (9/ 26, 34.6%). Other etiologies included preeclampsia (2), vitamin B12 deficiency (2), liver cirrhosis (1), and thrombotic thrombocytopenic purpura (1) ( Table 2) . Table 3 shows the comparison of clinical variables between patients with ITP and GT. Mean gestational age at the time of diagnosis was within third trimester in both ITP and GT. Compared to patients with GT, patients with ITP had lower platelet counts at presentation (52.4 ± 32.6 9 10 9 /L vs. 80.5 ± 19.0 9 10 9 /L, P = 0.041). In this study with a small number of patients, however, there were no significant statistical differences of other variables between patients with ITP and those with GT.
Comparison of ITP and GT Patients
Treatment
We had no specific treatment guidelines for thrombocytopenia during pregnancy. In clinical practice, however, we performed vaginal delivery without transfusion or diseasespecific treatment if patient's platelet count was more than 75 9 10 9 /L. When patient's platelet count was less than 50 9 10 9 /L, we considered platelet transfusion right before delivery regardless of underlying disease. If platelet counts of patients with ITP were less than 50 9 10 9 /L, we considered steroid with or without immunoglobulin.
Eight patients with GT performed vaginal delivery successfully without specific treatment for thrombocytopenia. Six out of 11 ITP patients with platelet count less 75 9 10 9 /L received platelet transfusion without diseasespecific treatment right before vaginal delivery. Three ITP patients with platelet count less 50 9 10 9 /L received specific treatment for ITP. Two patients were treated with steroid as first-line treatment and achieved response. The remaining one patient showed no response to initial steroid. She received steroid plus intravenous immunoglobulin as second-line treatment but failed to achieve response and received platelet transfusion before delivery. Patients with other causes including preeclampsia, vitamin B12 deficiency, liver cirrhosis, and TTP didn't receive platelet transfusion before delivery because their platelet counts were more than 75 9 10 9 /L at the time of delivery.
Delivery Outcomes
In most patients except for 4, full-term delivery was possible. Two patients with preeclampsia and 2 with ITP had preterm delivery. Nineteen patients underwent vaginal delivery. The remaining 7 patients (4 with ITP and 3 with GT) received CS, but thrombocytopenia was not the reason for CS in these patients. There were no patients showing significant bleeding during peripartum period.
Discussion
Mild thrombocytopenia ([100 9 10 9 /L) during pregnancy usually has no clinical significance [2] . However, patients with moderate to severe thrombocytopenia can develop bleeding complication during peripartum period. In the current study, we retrospectively reviewed the etiology and clinical outcomes of pregnant women with moderate to severe thrombocytopenia. ITP (42.3%) and GT (30.8%) were most common causes of these cases. All patients with GT had a benign clinical course without any delivery-related complications, and patients with ITP also showed favorable outcomes with adequate management.
ITP accounts for small portion (3% of cases) of thrombocytopenic pregnant women, compared to GT (70-80% of cases) [3] . In cases of moderate to severe thrombocytopenia, however, the incidence of ITP was higher because more than two-thirds of women with GT have platelet counts of 130-150 9 10 9 /L and only less than 10% of GT cases present with moderate to severe thrombocytopenia [8] .
Distinguishing ITP from GT may be problematic because both disorders are diagnosis of exclusion. Based on the data that ITP has relatively lower platelet count at diagnosis and occurs earlier in the gestational stage, McCrae et al. [9] suggested that developing a platelet count \100 9 10 9 /L early in pregnancy, with declining platelet counts as gestation progresses, is consistent with ITP. GT is frequently developed in third trimester and the platelet count normalizes within 2 weeks after delivery. Because there were very few cases of GT with counts 40-50 9 10 9 / L [5, 8] , we ruled out a diagnosis of gestational thrombocytopenia if the platelet count was \50 9 10 9 /L. In this study with a small number of subjects, patients with ITP showed lower platelet count at presentation than those with GT (52.4 9 10 9 /L vs. 80.5 9 10 9 /L, P = 0.041). Pregnant women with GT, even though they have moderate thrombocytopenia (50-100 9 10 9 /L), are known to have favorable delivery outcomes without specific treatment [1] . In our study, all patients with GT conducted successful delivery without bleeding complication. Pregnant patients with ITP are at risk for spontaneous bleeding and complications during peripartum period, particularly if the platelet counts drop to less than 20 9 10 9 /L. First-line treatment is similar to that of nonpregnant women with newly diagnosed ITP and systemic corticosteroid is recommended [10, 11] . Two thirds of patients respond to initial steroid treatment [12] , but steroid can exacerbate hypertension and induce hyperglycemia. Corticosteroid may contribute to adverse pregnancy outcome in some patients [13] . If steroid is not successful or when side effects of steroid are poorly tolerated, intravenous immunoglobulin and splenectomy can be used as a secondline treatment, either alone or in combination with steroid [14, 15] . Anti Rh-D immunoglobulin, cyclophosphamide and vinca alkaloids are not considered safe during pregnancy, and limited data are available for other agents including rituximab, danazol [16, 17] . Thrombopoietin receptor agonist which is recently adopted as one of the second-line treatment for ITP is not well studied in the pregnant woman. Interestingly, two cases of pregnant women with refractory ITP who were successfully treated with romiplostim were recently reported [18] . In this study, 3 ITP patients with platelet count less than \50 9 10 9 /L received specific treatment for thrombocytopenia. Two patients who received steroid treatment achieved response and their platelet count reached over 50 9 10 9 /L at the time of delivery. One patient who didn't response to steroid treatment received additional intravenous immunoglobulin with steroid but failed to achieve response. She received platelet transfusion before delivery and underwent vaginal delivery without complications.
ITP alone is not an indication for cesarean delivery [10, 11] . Uncomplicated vaginal delivery has been reported even in several ITP cases with platelet counts 20-50 9 10 9 /L [19, 20] . However, patients with platelet count less than 50 9 10 9 /L are at risk of life threatening bleeding during vaginal delivery. Various treatment combinations of platelets transfusion, steroid, IVIG, or splenectomy can be used to reach the optimal platelet count. Prophylactic platelet transfusions are not usually recommended in ITP patients [9] . In clinical practice, however, physicians often perform platelet transfusion for patients with ITP right before delivery. In our hospital, if patient's platelet count was less than 50 9 10 9 /L, we considered platelet transfusion as an institutional practice. In this study, all patients with ITP reached platelet count over 50 9 10 9 /L with adequate treatment and platelet transfusion before delivery. Among 11 ITP patients, 7 patients underwent vaginal delivery and 4 patients received CS without major bleeding complication.
This study has an inherent selection bias caused by its retrospective nature. Despite of this major limitation, this study has advantages with a relatively large number of pregnant women included in the analysis and the scope focused on moderate to severe thrombocytopenia which has clinical significance.
In conclusion, the incidence of moderate to severe thrombocytopenia during pregnancy was very low, and most common causes were ITP and GT. Patients with moderate to severe thrombocytopenia diagnosed during pregnancy could have favorable delivery outcomes with adequate treatment.
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